In recent years the health and well-being of animals, in particular of laboratory animals, have generated much interest. Both the genetic background and the environment influence biological responses. In nature, in order to maintain homeostasis, animals adjust their behavioural and physiological responses (Claassen 1994 , Moberg & Mench 2000 .
Environmental factors in the laboratory setting have a major influence on the well-being of laboratory animals (Clough 1984 , Van de Weerd & Baumans 1995 . Temperature and humidity, for example, affect behaviour and metabolism (Greenberg 1972) . Physiological and behavioural responses to noise (Peterson 1980 , Sales et al. 1997 ) and lighting (Belhorn 1980) have also been reported.
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Summary
In the laboratory setting, environmental factors have a major influence on the well-being of laboratory animals. The present study shows the importance of a semi-natural light-dark cycle. In this experiment one cohort of mice was kept with a continuous lighting for one week. After the first week the artificial light-dark cycle was 12:12 with lights on at 07:00 h. The second cohort of mice was kept with this 12:12 h light-dark cycle from the start. Half of each cohort received environmental enrichment. In order to analyse corticosterone levels, urine samples were collected. To measure agonistic behaviour, the behaviour of the mice was recorded on videotape immediately after cage cleaning. A significant difference in corticosterone levels between cohorts was found during disturbed lighting, but not after lighting conditions were reset to 12:12 h. In the first test week, mice subjected to disturbed lighting also showed a significantly shorter agonistic latency than control mice. This difference had disappeared when in the second test week all mice experienced 12:12 h lighting. No effects of enriched housing were found. This experiment has shown that disturbed lighting for socially-housed male mice caused physiological and behavioural changes indicative of stress, not only leading to much higher levels of corticosterone but also to shorter agonistic latency within the groups. of aggression seems inevitable. Depending on strain and age, aggression may reach levels at which individuals are wounded badly (Van Oortmessen 1971 , Bisazza 1981 , Brain & Parmigiani 1990 . Environmental enrichment has been shown to have divergent effects on aggressive behaviour of male mice. Several authors have indicated that environmental enrichment leads to an increase in aggression (McGregor & Ayling 1990 , while others have found that cage enrichment or environmental complexity does not alter, or decreases, the amount of aggression (Vestal & Schnell 1986 , Chamove 1989 , Ward et al. 1991 , Armstrong et al. 1998 , Ambrose & Morton 2000 .
At the start of a new experiment on the influence of long-term enrichment on intermale aggression (Van Loo et al. 2003) , we were alarmed by the overactive behaviour of our mice during the habituation period, and discovered that their light-dark cycle had been disturbed. The mice were kept with a continuous lighting caused by a defect clock timer in the animal room. Although the animals needed a second habituation period before the start of the actual experiment, it did enable us to study the behavioural and physiological effects of a disturbed light-dark cycle on enriched and non-enriched housed male mice.
Light is the most important environmental signal regulating the temporal pattern of animal behaviours. Continuous exposure to bright light has shown to strongly suppress the circadian rhythms of the sleep-wake cycle, drinking, locomotion and body temperature (Ikeda et al. 2000) .
If an animal is not able to adjust its behaviour to extreme environmental factors properly, chronic stress may occur, resulting in changes in body weight, food and water intake, aggression and corticosterone levels (Brown & Grunberg 1996 , Kruk et al. 1998 , Stone & Quartermain 1998 , Endo & Shiraki 2000 , Moberg & Mench 2000 , Gardner et al. 2001 , Van Loo et al. 2002 . For example, behaviourally frustrated animals may redirect their energy into aggression against nearby animals (Broom & Johnson 1993) . In an experiment in which rats received electric foot shocks but were unable to escape, the rats' escape behaviour was directed into aggression towards each other (Ulrich & Azrin 1962) . Others have reported increased corticosterone levels due to fighting to establish dominance hierarchies after grouping (Bronson 1973 , Goldsmith et al. 1978 , Van Loo et al. 2001 .
Physiological changes have an adaptive function. Protective neuroendocrine mechanisms, such as increase in adrenal steroids, catecholamines or blood pressure, are activated in the animal in order to maintain homeostasis. The animal can reach 'allostasis', i.e. it maintains a new level of stability through the process of adaptation to acute stress (McEwen & Seeman 1999 , McEwen 2000 . However, in the long run these initially protective neuroendocrine changes can have damaging effects, which are referred to as 'allostatic load'. This may occur if, for example, laboratory animals are subjected to repeated novel events, or fail to habituate to the same stressor (McEwen & Seeman 1999 ).
Materials and methods

Subjects
Male BALB/cAnNCrlBR (BALB/c) mice were purchased from Charles River at the age of 6 weeks. With a time difference of 2 weeks, two cohorts of 30 mice arrived at the animal facility. Upon arrival, the mice were randomly divided into groups of three mice, and housed in wire-topped Makrolon ® type II cages (375 cm 2 , Tecniplast, Milan, Italy) provided with 50 g sawdust (Lignocel ® 3/4; Rettenmaier & Söhne, Ellwagen-Holzmühle, Germany). Half of the groups received nesting material (two Kleenex tissues, Kimberly-Clark Corporation ® , Ede, The Netherlands) in addition to the usual bedding material ('enriched'). The other groups served as controls, without nesting material ('standard'). Pelletted food (RMH-B ® , Hope Farms, Woerden, The Netherlands) and tap water were available ad libitum. The animal room had a controlled temperature (23-24ЊC), humidity (60 Ϯ5%) and ventilation (15-20 air changes/h). The first cohort of 30 mice was kept with a continuous lighting for one week. After the first week the artificial light-dark cycle was 12:12 h with lights on at 07:00 h. The second cohort of 30 mice was kept with this 12:12 h light-dark cycle from the start. All the mice were marked on the tail as well as on the fur with a black permanent marker (Edding 3000 Schreibgeräte GmbH, Ahrensburg, Germany) to enable individual identification. Marks were renewed weekly prior to cage cleaning.
Procedure and behavioural data collection
Cages and wire-tops were cleaned weekly. For enriched cages, the nesting material was transferred from the dirty cage into the clean cage, as transfer of nesting material has been shown to reduce aggression (Van Loo et al. 2000) . Half of a new tissue was added to compensate for loss due to shredding or eating. Prior to cage cleaning the mice were weighed, wounds were counted and food and water were weighed and refreshed. At the age of 7 and 9 weeks, the behaviour of the mice was recorded on videotape (Panasonic AG-6024-E; Matshusita Electric Industrial Co Ltd, Osaka, Japan) for a period of 30 min immediately following cage cleaning.
Urine collection and corticosterone analysis
In order to analyse corticosterone levels, urine samples were collected at the ages of 7 and 9 weeks. Samples were taken non-invasively 3 to 4 days after cage cleaning between 09:00 h and 10:00 h (method described by Van Loo et al. 2002) . Corticosterone levels were measured using a solid phase radioimmunoassay (CAC ® Rat corticosterone TKRC1, Diagnostic Products Corporation LA), and corrected for creatinine concentrations determined with the use of a commercial test combination (Creatinine, MA-KIT 10 Roche, Roche Diagnostics) on a COBAS-BIO auto-analyser (Hoffmann-La Roche BV, Mijdrecht, The Netherlands).
Behavioural analysis
The videotapes of behaviour after cage cleaning were scored for latency until the first agonistic encounter, frequency and duration of agonistic encounters. Behaviours interpreted as agonistic included several offensive behaviours like fighting, biting, tail rattling, chasing or vigorous sniffing of head, tail or genitals of the opponent, and several defensive behaviours like upright and sideways defensive postures, fleeing and active defence (Table 1) .
Statistical analysis
Data on corticosterone levels, body weight as well as food and water intake were analysed using a repeated measures ANOVA, with age as a within-subject factor and cohort and housing as between-subject factors. Prior to the analysis, corticosterone data were square-root transformed in order to conform to the normal distribution. Significant data were further analysed using a Bonferroni-corrected independent sample t-test (indicated by P B ). A goodness of fit test was used to ensure that data on frequency of agonistic encounters were Poisson distributed. Data were then analysed using Poisson regression. After ln-transformation, data on the duration of agonistic encounters were normally distributed. Both were then analysed using a multilevel analysis for repeated measures. Latency until the first agonistic encounter was analysed with a Wilcoxon matched-pair signed rank test for overall test-week differences, and with Mann-Whitney U tests for cohort and housing differences for each test week and for the differences between test weeks (interaction effect).
Data on the frequency and duration of agonistic encounters were analysed with the aid of MLwiN, version 1.10 (MLwiN, Centre for Multilevel Modelling, Institute of Education, London, UK). All other data were analysed using SPSS for MS Windows, release 9.0 (SPSS Inc., Chicago, USA).
Results
Urine corticosterone/creatinine ratios A significant overall effect of a disturbed light-dark cycle was found on Co/Cr ratios (F (1,56) ϭ16.738, P Ͻ0.001; Fig 1) . Furthermore, Co/Cr ratios decreased significantly over time (F (1,56) ϭ77.266, P Ͻ0.001), and a significant interaction between age and cohort was apparent (F (1, 56) ϭ26.023, P Ͻ0.001). Subsequent t-tests showed that the difference between cohorts was significant during disturbed lighting (age 7 weeks, t (58) ϭ5.731, P B Ͻ0.001), but not after lighting conditions were reset to 12:12 h. No effect of enriched housing was found on Co/Cr ratios for either of the cohorts.
Table 1 Ethogram as is used to analyse agonistic behaviour
Category
Behaviour Description
Defensive
Active defence (AD)
The opponent is either bitten or given a hard kick with a hind leg by the attacked male.
Fleeing (Fl)
Rushing away, often at random, from the dominating male. This may happen following the rival's chasing or approach; sometimes attended by squealing.
Sideways defensive posture (SD)
The chased mouse rears on its hind legs, draws one fore-leg close to the body, the other fore-leg remains rested on the floor. The head is in an erect position.
Tail rattling (TR)
The intensity may vary; occasionally only the tip of the tail will move a little. Occurs often immediately after fleeing.
Upright defensive posture (UD)
The chased mouse rears on its hind legs, draws the fore-legs close to the body. The head is in an erect position.
Defensive/offensive Fighting (F)
The animals jump at each other and roll over and over; there is also biting, mainly in the flanks. Offensive
Biting (B) One male bites the other usually once in the tail, flanks or genitals. The animals do not jump at each other and do not roll over.
Chasing (C)
One mouse races after the other and bites it in the lower back, the tail or hind legs.
Mounting (M)
One male places his forepaws on the back of the male and tries to bring the lower part of his abdomen towards the other male's genitals. Mounting near the head also occurs.
Vigorous sniffing (VS)
All intensive sniffing at the other animal, including the investigation of the anal and genital area. It is common for the most intensive sniffer to start the fight. 
Agonistic behaviour
The frequency of agonistic encounters decreased by 61% between the first and second test week (Wald. X 2 ϭ6.272, P Ͻ0.05; Fig 2A) . Furthermore, although not significant, mice subjected to disturbed lighting showed a two-fold higher frequency of agonistic encounters than did control mice (Wald. X 2 ϭ3.431, P Ͻ0.1 , Fig 2A) . Data on duration of agonistic encounters did not reveal any significant differences (Fig 2B) .
In the first test week, mice subjected to disturbed lighting showed a significantly shorter agonistic latency than did control mice (Mann-Whitney U test ϭ21.000, P Ͻ0.05; Fig 2C) . This difference had disappeared when in the second test week all mice experienced 12:12 h lighting. However, there was no significant interaction effect between housing and cohort. No effects of enriched housing on agonistic behaviour were found.
Body weight, food and water intake
Overall, mice subjected to disturbed lighting were significantly heavier (F (1,56) ϭ31.306, P Ͻ0.001), ate slightly less (F (1, 16) ϭ4.374, P Ͻ0.1; Table 2 ) and drank less than the 12:12 h lighted mice (F (1, 16) ϭ7.601, P Ͻ0.05; Table 2 ). Subsequent t-tests revealed that body weight differences between cohorts were apparent in both test weeks (age 7: t (58) ϭ6.389, P B Ͻ0.001, age 9: t (58) ϭ4.504, P B Ͻ0.001), while differences in food and water intake between cohorts were most obvious in the final test week, when lighting was reset to 12:12 h (food: t (18) ϭϪ4.318, P B Ͻ0.001, water: t (18) ϭϪ2.961, P B Ͻ0.05).
No differences in weight gain were found over the weeks. Food and water intake decreased significantly over the weeks for both cohorts (food: F (1, 14) ϭ51.496, P Ͻ0.05, water: F (1,16) ϭ6.681, P Ͻ0.05), for food intake, this decrease was significantly stronger in mice subjected to disturbed lighting than in those under 12:12 h lighting (F (1,14) ϭ34.178, P age*cohort Ͻ0.001). Enrichedhoused mice generally ate less than standardhoused mice (65.1 Ϯ1.0 g vs 67.8 Ϯ0.8 g; F (1, 14) ϭ5.329, P Ͻ0.05). No other effects of enriched housing on any of the physiological parameters were found for either of the cohorts.
In conclusion, this experiment has shown that disturbing the lighting of socially housed male mice causes physiological and behavioural changes indicative of stress, not only leading to much higher levels of corticosterone but also to shorter agonistic latency within the groups. Environmental enrichment did not affect the results found in this study. 
Discussion
Mice that had experienced disturbed lighting showed a shorter latency time until the first agonistic encounter than mice that had experienced a 12:12 h light-dark cycle. In accordance with this, mice that had experienced a disturbed light-dark cycle showed much higher levels of corticosterone. Corticosterone is generally accepted as a reliable indicator of stress (Manser 1992 , Shepherdson et al. 1998 . After a week of 12:12 h lighting, the corticosterone level of the disturbed mice did not differ significantly from that of the mice that had experienced 12:12 h lighting from the start, indicating that the disturbed animals were stressed because of their disturbed light-dark cycle. This is in accordance with Abilio et al. (1999) who have previously shown that, in rats, long-term exposure to light increases plasma corticosterone concentrations. Previous studies have shown that territorial aggression in mice and several other animals is also positively correlated with corticosterone levels (Bronson 1973 , Goldsmith et al. 1978 , Kruk et al. 1998 , Gardner et al. 2001 , Van Loo et al. 2001 . Our behavioural data support these findings. However, the question of whether the disturbed light-dark cycle in this experiment primarily caused elevated corticosterone levels and this in turn caused a shorter latency to agonistic behaviour, or vice versa, remains subject to further study.
When behavioral reponses are frustrated, an animal may direct its energy into aggression against nearby animals (Ulrich & Azrin 1962 , Broom & Johnson 1993 . The higher level of aggression found in this experiment may be caused by the elevated corticosterone levels due to the stress of a disturbed light-dark cycle.
Stress is not only known to increase territorial aggression but also influences food and water intake. Some studies show an increase (Siegel 1995 , Badiani et al. 1996 , Brown & Grunberg 1996 , Gardner et al. 2001 , while others show a decrease (Anderson et al. 1996 , Stone & Quartermain 1998 , Endo & Shiraki 2000 , of food and water intake in mice and several other animals. In this study we found that mice that had experienced a disturbed light-dark cycle showed a lower food and water intake than mice that were kept under a 12:12 h light-dark cycle. This difference might be due to the basic weight difference we found between the groups. Although of the same inbred strain, the mice subjected to disturbed lighting were generally heavier on arrival than the mice of the 12:12 h lighted group. There was no difference in weight gain between both groups.
Although nesting material has been shown to reduce stress (Van Loo et al. 2002) it did not affect the results found in this study. The stress reducing effect may have been too small when very high levels of stress are present. In concordance with several other studies (Van de Weerd et al. 1997 , Van Loo et al. 2002 , 2003 , we did find a significantly decreased food intake in mice housed with nesting material. As has been hypothesized before, this may be due to the insulatory effect of the nesting material (Van de Weerd et al. 1997). 
Conclusions and animal welfare considerations
The present study clearly shows the importance of a semi-natural light-dark cycle. Disturbing of the lighting for one week caused physiological and behavioural changes indicative of stress, not only leading to much higher levels of corticosterone but also to a shorter agonistic latency within the groups. Laboratory animals can only cope with their environment to a certain extent. Therefore it is the responsibility of researchers to adjust the environment to the animals in order to minimize stress and, as such, improve the health and well-being of the animals and thus the reliability of the experimental results.
Acquaintance with the normal behaviour of the experimental animals, and observation of the animals on a regular basis should be a necessity for all animal experimenters in order to minimize the detrimental effects of experimental flaws such as we experienced.
